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1 .2 . ■ 

. impart a sufficient cross-linking property to a poly urer 

PROCESS FOR PREPARING NON-IONIC thane resin by this known process. . 

POLYURETHANE EMULSIONS ^ . 

UKfiinfl ^ fifflULaiwo SUMMARY OF THE INVENTION 

BACKGROUND 0> THE INVENTION 5 We .^ve deeded in P re P arin^rk>n-ionic sel^emul- 

1. Field of the Invention , sifiable ; polyurethane emulsions having functional 
', This invention relates to a process for preparing poly- groups capable pf forming cross-linkages. : 
urethane emulsions; More particularly, this invention More particularly, we have discovered that the halo-: 
relates to a process for preparing homogeneous, stable, hydrin structure is effective as a reactive functional 
non-ionic, self-emulsifi able polyurethane emulsions; 10 group capable of forming cross-linkages by heat tre at- 

2. Description of the Prior Art ment of a polyurethane resin/ and that in order to intro-: 
Various processes for preparing polyurethane emul- duce the halohydrin structure in a desired amount into 

sions are known. For example, an emulsifier-free poly- a urethane polymer, it is advantageous to. use a pplyal - 
urethane emulsion, namely, a so-called self-emulsifia- - kylene polyamine having a group represented by ihe 
ble polyurethane emulsion can be prepared according - formula — CH(OH)-^CHaX in which X is CI or 'Br. as 
to a known process comprising forming an isocyanate- a substance for chain-extending a urethane prepply-. 
terminated urethane prepoiymer from a Water-soluble rner. : 

polyhydroxyl compound and an organic poly isocyanate More specifically, one feature of this invention re- 
employed in an amount in excess of the stoichiometric sides in that a non-ionic self-emulsifiable polyurethane; 
ampunt, chain T exteridirig ; the thus-formed urethane emulsion can be prepared by chain-extending ( A) an 
prepoiymer with an active hydrogen atom-containing isocyariate-termiriated urethane prepoiymer (obtained 
low -molecular-weight chain extender and dispersing by a reaction of a polyhydroxyl re a c tan t .with a stoi- 
the resulting polyurethane Composition in water. How- . chiometric excess of a pplyisocyanate compound),. with 
ever, the water resistance of a polyurethane resin pre- 25 (B) a polyalkylene polyamine haying . a functional 
pared from the thus-obtained polyurethane emulsion is group represented by the formula ^-CH(OH)— CH2X , 
very low. .". .'. . * : in which X is CI or Br, thereby to form i/a pplyurethane;- 

According to another, known process, a polyurethane urea polyamine, and mixing that product with water or 
emulsion is prepared by dispersing a polyurethane reacting that product with a : " cyclic dicarboxylic acid 
composition in the presence of an emulsifier/ . 3Q anhydride and then mixing the latter reaction product 

In general, polyurethane resins have excellent physi- with water. The* thus-obtained polyurethane emulsion 
cal and chemical properties. However, the physical and is characterized by the following special properties: the 
chemical properties of a polyurethane resin film resin in the polyurethane emulsion has. no cross-Iink- 
formed from a polyurethane emulsion prepared ac- agesor ithasavery smallnumber of cross-linkages. lt 
cording to known conventional processes, such as 35 is. cross-linkable, nevertheless because of its unique 
those mentioned above, are greatly inferior to those bf structure, and when a polyurethane resin film formed 
a film formed of a cross-linked polyurethane resin, by drying the thus-obtained polyurethane emulsion is 
because it is difficult to introduce cross-linkages in ^subjected to heat treatment, strong cross-linkages are 
emulsion-type polyurethane resins' by chemical means formed in the resin film, and the physical and .chemical, 
or because the emulsifier remains in the polyurethane 40 properties of the polyurethane resin are highly irh- 
resin. This is a serious problem in the field of practical proved. .. 

use of polyurethane emulsions. .. . Another important and distinctive feature of this. 

If a polymer such as polyurethane has strong cross- invention resides in thatjhe starting polyhydroxyl reac- 
linkages, the pplyrrier' is infusible and insoluble, and . tant is a mixture of (1) water-soluble polyoxyethylene 
handling thereof is difficult or often impossible during 45 glycol and (2) a water-insoluble polyhydroxyl com- 
the preparation step, and therefore,' it is substantially pound. Further, in this invention it is critical that the 
impossible to prepare ah emulsion of a cross-linked proportion of water-soluble polyoxyethylene glycol (1 ) 
polyurethane by dispersing it in water: If such a poly- should be from 15 to %Q% by weight, based on the total 
urethane can be dispersed in water, the resulting poly- weight pf the polyhydroxyl reactant mixture (the sum 
urethane emulsion is generally quite unstable. ■ 50 of.,(l) plus (2)). : t . 

To improve the water resistance of a polyurethane When the content of the water-soluble polyoxyethyr : 
resin, there has also been proposed a process in which lenc glycol (1) is.higher than 80 wt % a pplyurethane 
a part of a water-soluble polyhydroxyl compound to be emulsion containing a large amount of such waterrsolu- 
used for the preparation of a polyurethane emulsion is . ble compound is obtained and the water resistance of a : 
replaced by a water-insoluble polyhydroxyl compound. 55 resin prepared from such polyurethane emulsion is 
According to this process, however, it is difficult to inferior. ... 

introduce strong cross-linkages into the polyurethane When the content of the polyoxyethylene glycol ( 1) 
resin of a polyurethane emulsion, and the physical and is lower than .15 wt.,% of the total, polyhydroxyl reacr 
chemical properties of the resulting polyurethane resin tant mixture, a self-emulsifi able polyurethane . emulsion 
are not satisfactory- from the practical viewpoint. 60 can be obtained only when the mojecular. weight of the . 

As one effective means for imparting a cross-linking : polyurethane resin is drastically lowered, and the pfiysi- 
property to . a polyurethane resin, there is known a cal and chemical properties *pf<ja pplyurethane ; resin 
process comprising reacting epichlorohydrin to the prepared from such emulsion are : inferior, arid. the resin '.. 
amino groups of a- polyurethane-urca : polyamine ob- has limited practical use.r . ' > . : ;; , . ; • ,v 
tained by chain-extending a urethane prepolyme,r with 65 tye have discovered that, when r the polyoxyethylene 
a polyalkylene polyamine; However, since the reaction . glycol component ( 1) is 15 \Q } i§: : $> by weight of .the ; 
occurs in a polymer system the,- percentage of addition . entire polyhydroxyl reactant . mixture; a polyurethane 
of epichlqrohydriri <is very low and it is impossible to ernulsion ' having a superior rst^bility- can! be. obtained . 
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hL^upSSSeT" Prep3red from this As typica. exam pI es of ti , 

R -a-ch,-<.-h-c„,x ,0 ^tfc*^S£^^^» 
oh ^.^J 11 «P o| y«hioether,a condensation product of thio- 

&£8as$sas± » SS=3*a»*4sS 

Tho „„i 7.. halohydrm structure. aesired, it is possible to use. in combination with Vh- 

tio?of P the Ur ane : - rea P0 ' yan,ine use ^ to Prepara- ^ P ° lyhyd roxyl rcactant mixture glySls c2o m 
Z,H K COr ?P° s,t ' on of this invention can be ob ^ USed in this f,eId . s "<* «• ethylene S d£ 
hlne D rL r or Ctm8 ^ a " isoc ^"^-termina,e? U re :"\ 8,yC °'' glycol. buE£to? JropanSo " 

droxyl ?e a cta„r C ^ f ° rmed by reac *» ° f * P°W 3 ° L T^ 0 '' " e ° pentyl 8 ,yco1 «* N-alkyKanoi 
cy^a e) w th ,B f ? ° f 8 P°^tioEd U ^I" 6 ' ' aVlne ' l ° 22 carbon at ° m * «" the alkyVmoietv 

ylated and ethoxylated glycols, propox - ^"thor. ,t is possible to use hydroxylalkyl-substitut-H 

polyammes i„ combination wfth tffKj!^ 


. 3-951,897 

amines. • . . v .. ^ 

Molecule ofXooWu^ ? - M,,I,0 '« tQU P s in the 5 pound - A^te^^T'-**?^*" 6 *™** com- 

ence or absence of a solvent/ , . T T*" ^mino groups' is Excess in retetion to 

Kn£mS'' U ^' ,p, ^ toa " and the chain „t 8 ^ ™ ,™ P ° rtent prop- 
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lie dicarboxylic acid anhydride in an amount ZZLnUr an t i0menc """ture of tolylene diisocyanate i '24 n f. 

When a cyclic dicarboxylic acid anhydride is used in "XT 5™!* COnte " t "^J^SST"* 
this reacfon ,n an amount of at least 50 mole percent J™*" With ' a *errtometer 2nd an 

based on the sum of the primary and secondary amino 10 Charfied 4,60 P arts of *■» ehain exte n " 

groups of the polyurethane-ureapolyamine the oH of de I. 8 ? lu T and 15 0 =P*t» of acetone^ and they^ were 

he resulting polyurethane emulsion is lower'than 7 On S " ffic,emI y mi « d - Then/ 44.4 parts of the a b o ve u re 
the other hand, when less than 50 mole peXrf'S th f a " e P re P oI y"" were added dropwise tothecontent 
cyclic dicarboxylic acid anhydride is reacted tEepH of a °n rf ° ^ * 3 °° l ° 33 ° C ° ver a £'i°d of 15 minute 
the resultmg polyurethane emulsion is higher th an 7 15 ^L^' 0 ? WM carried out at *>-C. for 30 minutes to ' 

As 's seen from the foregoinedescriDtion JZ.V' 13 obtain a polymer solution. .: . "minutes to 

to this invention it is possible to ob^nT^IyuSf ^ T" am ° Unt of the P^er so.ution was sampled 
emulsion having a selected pH value wfthout ad£n m T*"* «° in ^^d absorption spec"rum anal£ 

pH of 4.0 to 9 .0 thereareObtainede -'«- "avinga 20 I50 ^ ^ were added to ,0 parts of the 
a nh S ^5' Ca ' u Xamples of the dicarboxylic acid J p u f s -°. b »f lned Polymer solution, and acetone and meth- 
anhydndes. there can be mentioned maleic Sldrid? * V were disti,,ed off u " d « reduced pres- 

succnic^anhydride. phthalic anhydride dU teVm ™ d ^ * homogeneous stable 

SSr^ Mrides - trime,w ^ 25 =!S S3 a resin content of W W*S5 

The polyurethane emulsion prepared according to nl^ th " s ? b J ta ! ned emuI «on was cast on a Teflon 

thane emulsion «t^%Z*ZX£ S?E JX ? 9 ' < 

properties of the polyurethane resin S^iS^S 300 * modulus: 22- K g/cm> , 
changed. c noi orastically tensile strength: 204 Kg/cm 2 

. According to the above-mentioned process of thi, 35 eIon e ation: 8 °0 % 

Whe n this Jsion f SSSVZ Z ' ?° • ^« ? rtsofdiethy 1 ene,ria mi „, W ere dissolved in .50 
non-woven fabrics, paper products, leathers rubbers' f ^ of acet ° n « ™d the solution wascharged in aflask 
wood articles, metals, glass and, piasti s b y ' d££j « S^"'* athe ™ometer and an ag£ or ut 

het rnatS °n T? ^ Surfa < e EJrf £ e Twerf S? *" p 0,ymer 
will LT^ u 6 ' mproved and the >> properties flask whh T • added dro P w ^e to the contents of the 

will be improved by these surface coatines Further Th, • St,mn S at 30 to 33°C. over a period of IS 

polyurethane emulsion can be used as fn aEe or T^*' the reac «°" ™s carried out « 50T for 
the like ,n engineering and construction works ' 45 ^SJT? 'V" 1 ™ 3 P" 1 )""" solution. f ° r 

EXAMPLE ] ■*b4SSS,^^° f " n '", ,, " l ^' |: ''<''" 

103 parts of methylethyl ketone and the 1 00 % modulus: 7 Kg/cm 1 

charged into a roWbotton"^ J00 % modulus: 18 - 

fep-L-a^ 

oTtStt Comparative Hxample i_ 2 ^ , 

2 hn,i nUt , eS ' f d 8 reaCtion was car ried out aM^C for 60 th ° ^ of f P^'orohydrin was added to 45 parts of 

dehydrated polyoxyethylcne glycol K = J^SSBSSr this ,^^on rn.thesaine.man- 

ner as described in Example 1: had. the following me- 
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chanical properties: : * * f : t - - ■.*> .Separately/;?. H.paits-:of dehydrated polyoxypropy 1- 

100 % modulus Kg/brri?r ; * - ' i&w glycol: (QH value ^57«i&)^Li parts! of :.dehy-; 

300 % modulus^: 1 9 Kg/cm^ 1 ' - * ! =' *• \< drated ^ pQlyoxyethylene;.glyGX>l(OH y,alae=f:i 1 l^J-and 

tensile strength: 1 30 Kjg/cm 2 ' • ( J ;: . ;S94 parts, of an. isomedc.rnixtuxe;pf v tqlyieue diispcya- 

elongation: 830 % 5 : . nate (,^/2,6^ 

When the results of ExamrMt* l(processofthis iriven- 3 hours, to.»ol?tain a urethane,pr,€poiymer; Asa result of 

tion) are compared with the results of Comparative the analysis Jt ^ 

. Examples t— 1 and 1-2, it will readily be understood ; group, content was 7.05 percent.;, .]>, . 

that a film formed from the polyurethane . emulsion v r Another, flask ^quipped.with a:^hermometer and; an 

. prepared ac(Cbrding : to. the process of* this invention has ^ "agitator wasrcharged:With,38v7 parts of {he above, chain 

unexpectedly improved, mechanical properties; ext $ nder ^ VtipP a P^4°9 pa ^- 5? f acet !°* e > an ^. a ^ 0 J U : 

. '; ; ■\t'*vr = fj 0n f orme d by dissolving and suspending 100 parts of 

...... r . 7 , / * ' ; ' :' EXAMPLE 2 ■ . ^. ' ' ; ; the above ureth^n^ prepolymg r in 100 parts of benzene 

:is A solution Sot 1 .3 parts' of maleic 'anhydride in 1 00 *as' added drppwise tp. the .consents of the: flask- at 

. parts' methylethyi ketphe was added to 96 parts of 15 over a period ,of 3p rninutes t: and 

the, polymer solution cfctaine^in Example l ^and reac carried out at 5Q°C, for 30 minutes to obtain a polymer 

<4ion. was carried out with stirring at 50°C for 30 min- Mlut . ion - , . * , • . .. ■: ; : , , , 

utes. Then, 160 parts of water were added to the^reac / ? 00 Parts of water wefe $ded tp/the thus^btained 

i tion mixture, and aqetone and methylethyl. ketone were ■ polymer sblutibnrarid the solvents used were distilled 

distilled off!underTeduced off under reduced P res ? ure ; to. obtain a homogeneous 

^White, homogeneous,; stable .ernulsion\ Having airesin stable ^"lsion having a. ^ resin^ontent ;pf ;20 woight 

content of 15 percent and a pH o^4.0. / percent. A film prepared from^ 

^The^echanical ^prpperties of -a film prepared .from manner Example l had;-the following me- 
this emulsion in the same manneras in.Example;l were ; 25 C ^^£ Kg/6m , ^ ^ , 7 >; :. ■ -!V . 

300 % modulus: 25 K^cm' /'■■ ! W. , . , ..^Mffi * g ^ , , . ! V ^ ■ 

tensile strength: 232 Kg/cm* ^ ■ 

elongation: 1180 % j..;r 7'\V f 3p,.,', V ^EXAMpLE ; 4- : . . . /.,./!/' ' 'C.-.' 

COMPARATIVE EXAMPLES -T029 Parts of poly( t; 4«butylene. adipate ) , glycol ( GH 

^ c i- u a *a a* i j • c/\ , r value = 109.0), 686 parts of polyoxyethylene glycol 

0.65 part of male.c anhydride dissolved in 50 parts of . (0H , valu e^ ;5 5,2),. 1022 parts,of benzene and 669 

methylethyl ketone was added tp 45 parts of the^poty- , , 0 /i diphenylme^ane^,^ re- 
mer solution ob tai nedjUn Comparative Example^ I — I » " 35 , ;a cted -ati'80 0 Cv for ^.^.hours^o obtain, a solution of a 

and reaction' Was carried 'but with stirring at 50 C. for , urethane , : pr ^y mer ■JiaVing^a residual;; isocyanate 

30 minutes. Then 80 parts of water were added: to the ' pvcejfcJ,xJ>:i,f i . 

reaction product, anTd acetonte and methylethyl Ttetone r , ioQ p ar ts,of ihe : thus-formed,urethane prepolymer 

were;aistilled off £ tinder r'eduped pressure to obtain a ^ plution w ^re.addW J dropwise,& at 5°G. 

milky^white erhutfeibn having a ^ resm^ content of 15 40 over a period of ^P vi^inutes/to a ! solution formed by 

weight Rercent ^ an^ ;a pH of 4.0: ; ^ - '"" V* . diluting 35^ 

..The mechanical propeYties of a film prepar^-from ; /tained, in. Sample 3 >with 4^6 parts of niethyiethyl 

this emulsion jn the^m I; ke^ne 4 ^nd Vea^^^^ 

as follows: . \^ . 1 ; . ^,'.!? .'!"V.^ :U .minutes tao^tain, a polymer spi^itibri. : 

100% modulus: 9 Kg/Cf/1 2 ' "-'J..*^ T 1 • . : 45 670>arts of water werVadied^ 

. 3°° .% .Kg/c^ 2 *!^^ t^ , ;; ^ 1 ! / tion. and they were sufficiently. mixedJ Then; benzene 

tensile' ^ V 1 , ; ^ ^ ... and methylethyl ketone were .distjlled.. off , under re- 

elpngation: J 206 ' . f . . _ t , ' . . v . ' ( ^ duced pressure to obtain a homogeneous stable emul- 

When the results of Exampie'2 '( process of this in ven- •, $[ 0 ^ having a resin' cpn tent of ,20 percent. t 

tion) .are compared with, the results of Comparative: 5pJ AffUm prepared from this, emul^ipn ia the same m 

Example 2, it will readily be under$too4 k th^t a film ne r as in Exam^ 

formed from the polyurethane enjiulsiori prepar^d'ac- . , ertie^: . 1-^ ^ x-u 'r. T ■ V> : * ' •* - 

cording ,|q the; p^ces? pf this i'nvei)Uoo h'^!unexg.ept- t ^ \ Ofl^modujus^ '15 ; Kg/c|n* ••>!'. '■; \ ' ; . ; . , : ; 

edly improved mechanical properties ; . ' ! . ' .! . f 300,%. modulus: 34,,^/cm. 2 . !.,." . .. * 1 

' EXAMPLES^ " • ^ 3S 


103 Parts of diethylene triamine were dissolved in 
103 parts of methylethyl ketone, and the solution was 


EXAMPLE 5 


charged in a round-bottom flask equipped with a ther- 982 Parts of polytetramethylene -ether /glycol (QH 

mometer and a agitator. A solution formed by diluting 60 value = 1 14.2),. 421 parts of^polyoxyethylene glycol - 

92.5 parts of epichlorohydrin with 92.5 parts of methyl- (GH value = 1 1 1 .5 ) and 476 parts of 1 t 6-hexamethy- 

ethyl ketone was added drop wise to the contents of the lene diisocyanate were reacted at 100°C. for 3 hours to 

flask with stirring at 30° to 45°C. over a period of 40 obtain a urethane. prepolymer. As a result of the analy- 

minutes, and reaction was carried out at 45°C. for 1 .5 sis of this prepolymer, it was found that the residual - 

hours to obtain a chain extender solution: 65 isocyanate group content was 6.31 percent. 

The chain extender in the solution did not contain an Separately, a solution formed by diluting 46.2 parts 

epoxide group but it contained cpyaientjy bonded chlo- 1 of epichlorohydrin with 46.2 parts of methylethyl . ke-! 

rine atoms. : ! tone was added to a 50 percent;^ 
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solution of 60 parts of ethylene diamine, and they were 
reacted in the same manner as in Example 1 to obtain 
a chain extender solution. 32.2 Parts of the thus- 
obtained chain extender solution diluted with 400 parts 
of methylethyl ketone were charged in a flask equipped 
with a thermometer and an agitator, and a solution 
formed by dissolving 100 parts of the above prepoly- 
mer solution in 100 parts of methylethylketone was 
added drop wise to the contents of the flask with stirring 
at 20°C. over a period of 20*mi mites, and reaction was 
carried out at 50°C. for 30 minutes to obtain a polymer 
solution. 

Then, 500 parts of water were added to this polyrrier 
solution and they were sufficiently mixed. Methylethyl 
ketone was distilled off under 'reduced pressure to ob- 
tain a homogeneous stable emulsion. 

A film prepared from this emulsion in the same man- 
ner as in Example 1 had the following mechanical prop- 
erties: 

100 % modulus: 12 Kg/cm 2 ; 
300 % modulus: 27 Kg/cm 2 : . 
tensile strength: 152 Kg/cm 2 
elongation: 1020 % 

The embodiments of the invention in which an exclu- 
sive property or privilege is claimed are defined as 
follows: 

1. A method for preparing a non-ionic polyurethane 
aqueous emulsion in which the polyurethane compo- 
nent is a polyurethane-urea-polyamine containing in 
the molecule a cross-linkable halohydrin structure, 
which comprises: 

1 . reacting (I) organic polyhydroxyl reactant mixture 
consisting essentially of 15 to 80 weight percent of 
a water-soluble polyoxyethylene glycol having a 
molecular weight of 200 to 10,000, and the balance 
a water-insoluble organic polyhydroxyl compound 
having a molecular weight of 200 to 10,000 and 
(II) an excess of organic polyisocyanate to produce 
an isocyanate-terminated prepolymer, arid • 

2. reacting said prepolymer with (HI) polyalkylene 
polyamine having at least two groups selected from 
the group consisting of primary amino groups and 
secondary amino groups and also having a func- 
tional group of the formula 

-CH(OH)CH,X 

where X is chloro or bromo, the total mole number of 
primary and secondary amino groups in the polyalkyl- 
ene polyamine being greater than the total mole num- 
ber of isocyanate groups in said prepolymer, the reac- 
tion being carried out until the presence of — NCO 
groups cannot be detected, whereby to form polyure- 
thane-urea-polyamine, and 
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3. mixing the polyurethane-urea-polyamine with 
water to form a non-ionic polyurethane emulsion. 

2. A method in accordance with claim 1 wherein said 
polyalkylene polyamine (III) has the formula 

R-iA— CH t — f^Hr— CH t X *: 

10 ; wherein k is a member of the group consisting of CI 
and Br, A is a member of the group consisting of a 
secondary amino group and a tertiary amino group, 
and R is an alkylene radical having at least one of 
a member of the group consisting of a primary 

15 amino group and a secondary amino group, with 
the proviso that said polyalkylene polyamine con- 
tains at least two of a member of the group consist- 
, 1 ing of a primary amino group and a secondary 
amino group. 

20 3. A method in accordance with claim 2 wherein the 
reaction of said prepolymer with III is carried out iri the 
liquid phase in a ketone solvent, at a temperature of 
from -20° to +70°C. 

4. A process 'according to claim 2 t in which said 
£5 polyalkylene polyamine is prepared by reacting, at 

from 10° to 80°C, for from 0.5 to 5 hours, epichlorohy- 
drin or epibromohydrin with a polyamine having the 
formula 



wherein n is an integer larger than one, Z is an integer 
•of; 2: to 4, and R' is hydrogen, alkyl having 1 to 4 
: carbon atoms or hydroxyalkyl having 1 to 4 carbon 
atoms, 

5. A process according to claim 1, in which reactant 
III contains up to 50 percent, by molecular equivalent, 
of a substance selected from the group consisting of 
diamines, substitution product of a diamine with an 
alkyl group having I to 22 carbon atoms, alkylene 
oxide adducts of diamines, acrylonitrile .adducts of 
diamines and acrylate adducts of diamines. 

6; A process according to claim 1 in which the ratio 
of (fi) the total mole number of amino groups contain- 
ing active hydrogen atoms in said polyalkylene poly- 
amine, to (a) the total mole number of isocyanate 
groups in said prepolymer is in the range of 1 < /3/a ^ 
5. 

7. An aqueous nqnionic polyurethane emulsion pre- 
pared by the process of claim 1. 

8. A polyurethahe mblded product prepared by form- 
ing the emulsion of claim 8 into a molded product and 

then heat treating the product to effect cross-linking. 
***** 


60 


